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Introduction: Often groin recurrences after varicose vein surgery are diagnosed and classified with the help of a duplex
ultrasound scan. There are, however, no studies indicating if duplex ultrasound scans can reliably distinguish between the
different forms of recurrent vessels, ie, neovascularization or a residual stump. To address this issue, we have conducted
a prospective study in which ultrasound scan assessment of groin recurrences was compared to the histological
classification of the recurrent groin veins.
Materials and Methods: All patients undergoing redo-surgery for symptomatic groin recurrences after previous stripping
of the greater saphenous vein (GSV) during a 1-year period (May 2006-May 2007) were included in the study.
Preoperatively, all patients had a duplex-ultrasound scan examination of the groin vessels. Based on the duplex scan
findings, the recurrent veins in the groin were classified as either a residual stump or neovascularization. During the
redo-surgery, a specimen of the recurrent groin veins was obtained and underwent histologic evaluation. Based on
histologic criteria, the recurrence was also classified as a residual stump or neovascularization.
Results: During the 1-year study period, 125 groin recurrences in 95 consecutive patients (74 female, 21 male, mean age
58.7 years, standard deviation [SD] 10.3 years) were included. In the 119 cases where both duplex-ultrasound scan and
histological evaluation were available, a residual stump was seen at the histological examination in 80.7% of cases, a
neovascularization in 10.9% of cases, and a combination of both entities in 8.4% of cases. Duplex-ultrasound scan
classified the recurrent groin veins as a residual stump in 68.1% of cases, as neovascularization in 26.1%, and as a
combination of both in 5.8% of cases. With histological classification as the gold-standard, duplex ultrasound scans
reached a sensitivity of 77.1% and a positive predictive value of 91.4% in correctly identifying a residual stump as the cause
of recurrence. For the correct classification of neovascularization, sensitivity was 61.5% and the positive predictive value
25.8%, while a combination of both was recognized with a sensitivity of 10% and a positive predictive value of 14.3%.
Conclusion: While duplex-ultrasound scan is a reliable tool to diagnose groin recurrences after varicose vein surgery, its
validity in classifying the different types of recurrent groin vessels is limited. Especially the correct identification of
neovascularization which is poor with a sensitivity of 62% and a positive predictive value of 26%. Histological examination
should still be regarded as the gold-standard when trying to differentiate between different types of groin recurrences.
(J Vasc Surg 2009;49:968-72.)Recurrent reflux in the groin after previous resection of
the sapheno-femoral junction (SFJ) and stripping of the
greater saphenous vein (GSV) is a frequent problemwith an
incidence of up to 40% after 10 and 60% after 35 years.1,2
One factor regarded as a cause for recurrent groin reflux is
the presence of a residual GSV-stump left behind at the
initial operation. In recent years, neovascularization at the
SFJ has emerged as another cause of groin recurrences.3-5
There are controversial data in the literature as to what
extent neovascularization contributes to recurrent groin
varicosities, ranging from 5%6 to 95%.7 Typically, groin
recurrences are diagnosed and classified with the help of a
duplex ultrasound scan. There are, however, no studies
indicating if duplex ultrasound scans can reliably distin-
guish between the different forms of recurrent vessels, ie,
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968neovascularization or a residual stump. To address this
issue, we have conducted a prospective study in which
ultrasound scan assessment of groin recurrences was com-
pared to the histologic classification of the recurrent groin
veins.
MATERIALS AND METHODS
After approval by the local ethics committee, all pa-
tients at our institution undergoing redo-surgery for symp-
tomatic groin recurrences after previous stripping of the
GSV during a 1-year period (May 2006-May 2007) were
included in the study. All patients were informed about the
study and gave their written consent. Indications for sur-
gery were symptomatic recurrent varicose veins with reflux
originating in the groin. The diagnosis of recurrent groin
reflux was made by color-coded duplex ultrasound scan,
which was performed with the patient in an upright posi-
tion. Reflux was provoked by manual compression of the
calf as well as by the patient performing a valsalvamaneuver.
Groin veins were considered incompetent if a downward
flow lasting more than 2 seconds was present under these
circumstances. Recurrences were classified as symptomatic
if the affected leg showed signs of chronic venous incom-
petence (varicose veins, edema, skin changes, or healed or
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with a total diameter of less then 5 mm were considered
hemodynamically insignificant and therefore did not un-
dergo operation. Preoperatively, all patients had a duplex-
ultrasound scan examination of the groin vessels. The ex-
amination was performed by one of two physicians with
extensive experience in venous duplex scan investigations.
Based on the duplex scan findings, the recurrent veins in the
groin were classified as either a residual stump or neovas-
cularization. Ultrasound scan criteria deemed to be typical
for a residual stump as were the presence of venous valves
Fig 1. Typical duplex-ultrasound scan picture of a residual
stump. FV, Femoral vein; RS, residual stump.
Fig 2. Typical duplex-ultrasound scan picture of neovasculariza-
tion. FV, Femoral vein; NV, neovascularization.and the presence of large single-channel recurrences (Fig1). Adversely, the lack of venous valves and the presence of
small, multiple-channel recurrences with a tortuous anat-
omy were seen as typical features of neovascularization (Fig
2).8 The final classification of the veins was left to the
digression of the examiner and was based on his overall
impression.
Redo-surgery in the groin was performed via a standard
transverse incision. The recurrent veins were identified and,
after circumferential dissection, divided close to the femoral
vein. Distally, the veins were exposed as far as possible and
then resected. The specimens obtained that way were
placed in formalin and then underwent histological evalu-
ation.
The details of the histologic workup have been de-
scribed previously.9 Briefly, after transection, fixation,
and embedding in paraffin, three consecutive 5-m to
6-m sections of vein were cut, mounted on slides, pre-
served with routine histologic methods, and then stained
with hematoxylin-eosin and elastica-van Gieson stains.
Histologic criteria characterizing a residual stump or
neovascularization are listed in Table I and Figs 3 and 4
show typical histologic findings.
Using the results of the histologic examination as gold-
standard, sensitivity and specificity as well as negative and
positive predictive values for duplex-ultrasound scan were
calculated. Furthermore, several variables (diameter of the
groin vein, time since initial operation, mean CEAP class)
were compared between the group with a residual stump
Table I. Histological criteria used to differentiate
between neovascularization and residual stumps
Neovascularization Residual stump
Incomplete wall structure Three-layered wall
Absence of valves and nerve fibers Venous valves
Bizarre form of lumen Intramural nerve fibers
Multiple channel recurrence Single channel recurrence
Fig 3. Histological picture characteristic for a residual stump:
large, single channel vessel with structured, three-layered wall
(white arrow) and presence of venous valves (black arrow).and the group without one (neovascularization and com-
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ences in the ordinate variables, whereas the Mann-Whitney
U test was used to look for differences in the metric
variables. A P value of  .05 was considered significant.
RESULTS
During the 1-year study period, 125 groin recurrences
in 95 consecutive patients (74 female, 21 male, mean age
58.7 years, standard deviation [SD] 10.3 years) were in-
cluded. During the same time period, a total of 875 legs of
513 patients were operated on for primary or recurrent
varicose veins of the lower legs. The operations for symp-
tomatic groin recurrences included in the study accounted
for 14.3% of all venous procedures.
The initial operation (stripping of the GSV in all cases)
had been performed a mean of 13.8 years (SD 6.9 years)
earlier. Clinical symptoms at the time of presentation ac-
cording to the CEAP classification10 were as follows: C2
77.9%, C3 7.4%, C4 9.8%, C5 1.6%, and C6 3.3%.
Duplex-ultrasound scan classification of the groin re-
currences was performed in all cases. The mean diameter of
the refluxing groin vessels was 9.6 mm (SD 2.8 mm).
During the redo-operation, a specimen of the groin
veins was obtained in 121 cases. In 4 patients, a specimen of
sufficient length could not be obtained due to technical
problems. In addition, out of the 121 specimens undergo-
ing histological workup, 2 could not be classified histolog-
ically due to severe tissue damage, probably caused by the
application of clamps during resection.
In these 6 cases without histologic evaluation, duplex-
ultrasound scan had characterized the recurrent veins as
residual stumps in 3 cases, as neovascularization in 2, and as
a combination of both in 1 case.
In the 119 cases where both duplex-ultrasound scan
and histologic evaluation were available, a residual stump
was seen at the histologic examination in 80.7% of cases, a
neovascularization in 10.9%, and a combination of both
entities in 8.4% of cases.
There was no difference between the group with a
Fig 4. Histological picture characteristic for neovascularization:
multiple venous channels with bizarre lumen (black arrows), un-
structured vessel wall (white arrow), and absence of vein valves.histologically proven residual stump and the group withneovascularization (pure neovascularization and combina-
tion) in terms of time since initial operation (13.3  7.2
years vs 14.2 6.0 years, P .243) as well as mean clinical
severity class (C 2.5 1.0 vs C 2.4 0.7, P .256). There
was a significant difference concerning the diameter of the
recurrent groin veins, with the residual stump group having
larger groin vessels (9.8  2.8 mm vs 8.5  2.5 mm, P 
.020).
Duplex-ultrasound scans classified the recurrent groin
veins as a residual stump in 68.1% of cases, as neovascular-
ization in 26.1%, and as a combination of both in 5.8% of
cases (Table II).
With histologic classification as the gold-standard,
duplex-ultrasound scan reached a sensitivity of 77.1%, a
specificity of 69.6%, a positive predictive value of 91.4%,
and a negative predictive value of 42.1% in correctly iden-
tifying a residual stump as the cause of recurrence. For the
correct classification of neovascularization, sensitivity was
61.5%, specificity 78.3%, the positive predictive value
25.8%, and the negative predictive value 94.3%, while a
combination of both was recognized with a sensitivity of
10%, a specificity of 94.5%, a positive predictive value of
14.3%, and a negative predictive value of 92.0%.
DISCUSSION
One factor thought to cause varicose vein recurrence is
a long stump of the GSV left at the initial procedure. Such
a stump might be objected to persistent retrograde flow
from the femoral vein, which might cause it to enlarge with
time, connect to the superficial venous system of the leg
and cause recurrent varicose veins.9,11 The other main
cause of groin recurrence that has emerged in the last few
years is neovascularization, the formation of new venous
channels at the SFJ. Since these newly formed veins have no
valves, they will also allow blood to reflux from the femoral
vein to superficial leg veins.2,5,8
One interesting finding of our study is that there was no
difference between the group with a residual stump as the
cause of recurrence and the neovascularization and combi-
nation group in terms of severity of symptoms at the time of
presentation as well as the time since the initial operation.
Even though the diameter of recurrent groin veins caused
by neovascularization was slightly smaller than that of
residual stumps, they caused similar symptoms. Further-
more, the time frame between the initial operation and the
redo-procedure was similar in both groups and was quite
long averaging 13 to 14 years. This finding, which was also
described in a previous study,11 underlines the fact that a
follow-up of sufficient length is necessary if the true inci-
dence of recurrence, independent if it was caused by a
residual stump or neovascularization, has to be established.
In order to effectively develop strategies to prevent
recurrences after GSV-stripping, the true incidence of the
two different types of recurrence has to be known. This is
especially important when comparing conventional strip-
ping to the new endovenous interventions for GSV incom-
petence, which claim to cause less neovascularization by
avoiding dissection in the groin.12 For instance, if residual
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recurrence in the vast majority of cases, as has been sug-
gested by our results11 and those of other groups,6 then
efforts to ensure a technically correct initial operation
would be more effective in preventing recurrences than
techniques trying to prevent neovascularization. There are,
however, also studies describing a rate of neovasculariza-
tion of up to 90%.7 One reason for those differences might
be the problem to distinguish between newly formed ves-
sels and a residual stump left in place at the initial operation.
Glass8 has described morphologic criteria which are typical
for neovascularization: thin-walled, tortuous vessels which
are surrounded by scar tissue and which have an atypical
origin at the deep vein. Furthermore, the presence of small,
multiple-channel recurrences is a sign of neovasculariza-
tion. However, neovascularization might present as a large,
single channel vessel and a residual stump might be small
and surrounded by scar tissue, thereby making a correct
classification difficult. In a previous study,13 we were able to
show that the intraoperative macroscopic differentiation of
groin recurrences yielded poor results in terms of correctly
classifying residual stumps and neovascularization. When
compared to the histologic examination, the macroscopic
evaluation identified neovascularization correctly with a
sensitivity of 42%, a specificity of 85.7%, and a positive
predictive value of 60%.
For the correct classification of residual stumps, a sen-
sitivity of 84%, a specificity of 74.4%, and a positive predic-
tive value of 75% were achieved. Similar results were found
in the present study for the duplex scan-based identification
of residual stumps with a sensitivity of 77.1%, a specificity of
69.9%, and a positive predictive value of 91.4%. The duplex
scan-guided classification of neovascularization yielded
slightly better results than the macroscopic evaluation with
a sensitivity of 61.5% and a specificity of 78.3%; however,
there was a high number of false positive classifications
resulting in a positive predictive value of only 25.8%.
It seems to be somewhat easier, both macroscopically
and by duplex-ultrasound scan, to correctly identify a re-
sidual stump than it is to identify neovascularization. Fur-
thermore, duplex-ultrasound scans tend to overestimate
the incidence of neovascularization, shown by the relatively
high number of cases (23 out of 31) where the duplex scan
examination classified the recurrent veins as neovasculariza-
tion, but the histological workup recognized them to be
either a residual stump or a combination of both entities.
Overall, our study indicates that a duplex-ultrasound
Table II. Results of the duplex-ultrasound scan examinati
spaces). The highlighted spaces show the number of cases w
same result
Histology/duplex Residual stump (n  96)
Residual stump (n  81) 74
Neovascularization (n  31) 18
Combination (n  7) 4scan examination is not a valid method to correctly classifygroin recurrences into residual stumps and neovasculariza-
tion. Looking at the combined sensitivity and specificity
values, the ultrasound scan classification is not accurate in
about 25% of the cases. In our opinion, histological evalu-
ation remains the only reliable method to differentiate
between the two entities. However, one has to consider
that the conclusions from our study are based on relatively
small numbers, especially in the group with neovasculariza-
tion and combinations (total of 23 cases), and that they
have to be verified in larger studies.
Furthermore, there still remains the question of how
reliable the histologic workup is itself, which is also based
on morphologic criteria. It is conceivable that newly
formed vessels in the groin mature with time and develop a
structured, three-layered wall, which would make them
hard to differentiate from residual stumps at the histologi-
cal examination. A histological marker unique to neovascu-
larization would be the solution to this problem, but so far
the research dedicated to this question has not yielded
convincing results. The N 100 antigen, nerve growth factor
(NGF) as well as vascular endothelial growth factor
(VEGF) have been studied and shown to occur with a high
concentration in the wall of newly formed vessels, but they
were also found in the wall of residual stumps, thereby
limiting their validity in differentiating between the two
forms of recurrence.14,15
In conclusion, in our study, duplex-ultrasound scan did
not prove to be a valid and reliable method to differentiate
between neovascularization and residual stumps as causes
for groin recurrences. Histologic examination should be
the method of choice for the classification of groin recur-
rences, especially in a scientific setting comparing the inci-
dence of neovascularization after different forms of treat-
ment. Further research directed to identify a biological
marker for neovascularization might help to make the
histologic classification even more accurate.
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